Abstract. Tactile sensors (antennae) play an important role in the animal kingdom. They are also very useful as sensors in robotic scenarios, where vision systems may fail. Active tactile movements increase the sampling performance. Here we directly control movements of the antenna of a simulated hexapod using an echo state network (ESN). ESNs can store multiple motor patterns as attractors in a single network and generate novel patterns by combining and blending already learned patterns using bifurcation inputs.
Introduction
Animals and humans are autonomous mobile systems of prime performance, partly due to their highly adaptive locomotor behaviour, partly due to their sensory abilities that allow for rapid, parallel object recognition and scene analysis. In animals, near-range sensing, particularly the active tactile sense is often of great importance: The tactile sense is independent of light conditions, it works at day and night. It is also independent of the surface properties of objects (colour, texture, reflectivity) that may be very difficult for vision, radar or ultrasound based systems. Furthermore, the 3d spatial contact position with an object is immediately available due to the known geometry of the sensor. No computationally expensive stereovision algorithms are required. A drawback of tactile sensors might be lower information density about a scanned object and the danger of mechanical damage to both the sensor and the object. Insect-like tactile sensors have been pioneered by Kaneko and co-workers, who used either vibration signals [26] or bending forces [11] , both measured at the base of a flexible beam, to determine contact distance. Recently an actively movable tactile sensor inspired by a stick insect antenna was co-developed by Fraunhofer IFF Magdeburg [16] and the University of Bielefeld [2] with a single acceleration sensor located at the tip of the probe. It was shown to be remarkably sensitive in object material classification. An efficient movement pattern that maximises obstacle detection performance while minimising energy consumption for such an active tactile sensor is a circular movement of the sensor probe [14] . Stick insect antennae perform elliptical exploratory movement patterns relative to the head until they encounter an obstacle. After the first contact, the movement switches to a pattern with smaller amplitude and higher cycle frequency [15] .
A straightforward way to learn motor patterns is to store them in the dynamics of recurrent neuronal networks [25] . The network implements a forward model, that predicts the sensor informations for the next time step [28] . In [25] it is argued, that this distributed storage of multiple patterns in a single network gives good generalisation compared to local, modular neural network schemes [3] [23]. In [33] it was shown that it is also possible to not only combine already stored motor patterns into new ones, but to establish an implicit functional hierarchy by using leaky integrator neurons with different time constants in a single network. This network can then generate and learn sequences over stored motor patterns and combine them to form new complex behaviours. Tani . Gradient based learning methods suffer from bifurcations that are often encountered during training. Bifurcations abruptly change the dynamic behaviour of a network, rendering gradient information invalid [7] . Additionally it was mathematically shown that it is very difficult to learn long term correlations because of vanishing or exploding gradients [4] . The general idea behind ESNs is to have a large, fixed random reservoir of recurrently and sparsely connected neurons. Only a
